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We observe i) a high energy neutrino background (Aartsen et al., IceCube Coll., 2013, 2014 and
2015), and there are repeated claims of a radio background (Fixsen et al., Kogut et al., Seiffert
et al. 2011, Condon et al. 2012), ii) a large number of super-massive black holes, with a low
mass cut-off in their distribution around 3 ·106 M� (Caramete & Biermann 2010), and iii) a large
number of massive disk galaxies that never merged (Kormendy et al. 2010, 2011a, b). The density
of low mass galaxies also approaches a density consistent with the inferred density of these black
holes (Conselice 2011, 2013). We propose that a first generation of super-massive black holes
forms by the agglomeration of massive stars inside a small galaxy (Spitzer 1969, Sanders 1970);
the ensuing super-massive star blows up around 106 M� due to an instability (Appenzeller &
Fricke 1972a, b), and forms a black hole. The explosion then produces a hyper-nova remnant,
which gives rise to a background in radio emission, γ emission, neutrino emission, matching
the observations. This explosion distributes fairly strong magnetic fields. The explosion also
produces a massive gaseous shell, allowing the formation of massive disk galaxies. There has to
be an ensuing background in polarized radio emission, as well as gravitational waves. This simple
concept pulls together a large body of observational evidence, and allows predictions for future
observational tests to be made.
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1. The microwave background and its ripples

The microwave background ripples have been very well studied by the Planck satellite (Ade
et al., Planck-Coll., 2015). A six-parameter model not only gives an excellent fit to the direct
temperature power spectrum, but also to the independent polarization data, a very powerful test.
An observed polarized background at moderately large wave-number (Ade et al., Bicep2 Coll.,
2014) could be partially due to gravitational waves left from inflation, but is more likely to be due
to Galactic dust (Ade et al., BICEP2/Keck and Planck Coll., 2015). The data only pertain to long
length scales and so do not distinguish between various models for dark matter, such as Cold Dark
Matter (CDM), or Warm Dark Matter (WDM) with a candidate DM Fermion particle on the keV
scale. Including Dark Energy (DE), these models are referred to as ΛCDM or ΛWDM.

The 2015 numbers for the parameters (Ade et al., Planck-Coll., 2015) show: Dark energy
ΩΛ = 0.6911± 0.0062, dark matter Ωdm = 0.2603± 0.0062, baryonic matter Ωb = 0.04860±
0.00031, and so finally Ωk = 1−ΩΛ −Ωdm −Ωb = +0.0008± 0.0040. These results imply a
“flat" geometry, like a perfect tabletop. The expansion scale of the universe is today H0 = 67.74±
0.46km/s/Mpc. Assuming gradual step-wise re-ionization (Kogut et al. 2003): zre−ion,init >∼20.
Thomson depth: τT = 0.066± 0.012. The age of the universe: t0 = (13.799± 0.021) · 109 yr. A
comparison with the 2013 numbers demonstrates that we are converging (Ade et al., Planck-Coll.,
2013).

With some trouble we can identify where the baryons are. We have no idea what dark energy
and dark matter is. What and where is all this ?

2. Known backgrounds: Galaxies and Active Galactic Nuclei (AGN)

Galaxies and starburst galaxies (= galaxies with a temporary burst of star formation) show
a correlation between the Far-Infra-Red (FIR), the radio and X-ray emission (Chini et al. 1989,
Tabatabaei et al. 2010, 2012, 2013; for reviews see Condon 1992; and Kennicutt 1998). In general
terms this is to be expected, since all three phenomena are caused by the massive stars (e.g., Bier-
mann & Fricke 1977, Bieging et al. 1977, Kronberg & Biermann 1981). However, the quantitative
details elude us, despite many attempts to solve this riddle (e.g., Völk 1989 and later papers).

All normal activity per comoving volume in the universe rises rapidly towards a redshift range
between 1 and 2 (e.g., Lagache et al. 2005, Dole et al. 2006, Raue et al. 2009, Kneiske & Dole
2010, Duncan et al. 2014). This is true both for active star-forming galaxies, such as the starburst
galaxy M82 (Kronberg et al. 1985), as well as Active Galactic Nuclei (AGN), such as the radio
galaxy M87. So the maximum contribution to the background integral is expected to be at moderate
redshift.

On the other hand, the universe is not uniform on those scales that we can easily observe,
and so local effects cannot be readily discounted, except by careful observation. And yet, some
categories of activity defy such simple rules, as for instance stellar black holes get more important
at low metal abundance or high redshift (Mirabel et al 2011). One may surmise that super-massive
black holes similarly favor very high redshifts; after all, they must have been initially produced at
some epoch (Caramete & Biermann 2010).
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Active Galactic Nuclei (AGN: Big Black Holes) show a dichotomy in such correlations, with
the strongest variation due to radio emission: radio-loud and radio-weak quasars exist, with all data
consistent with the hypothesis, that all nuclei have a relativistic jet, albeit often a very weak one in
terms of radio emission (Nagar et al. 2000, 2001, 2002a, b, 2005, Falcke et al. 2000).

AGN sometimes show a combination of a starburst with an active nucleus, allowing Ultra
High Energy (UHE) nuclei injection, Cosmic Rays (CRs); so UHECR nuclei. This is the most
straight-forward way to obtain heavy nuclei at very high energy. In the single-kick approximation
of Achterberg (Gallant & Achterberg 1999, Achterberg et al. 2001) the existing shape of the CR-
spectrum (across the knee around about 2 PeV up to the ankle around about 3 EeV; GeV = 109 eV,
TeV = 1012 eV, PeV = 1015 eV, and EeV = 1018 eV) is preserved, but shifted up by the Lorentz-
factor of a relativistic shock squared. All subsequent transits of a charged particle scattering back
and forth across the shock (see, e.g., Drury 1983) add only a modest factor each time.

All AGN seem to have a relativistic jet; if that jet is pointed at us, and is thus dominant
in emission, huge selection effects occur, and sometime flat spectra are observed right from radio
through the infrared (as for S5 1803+78); but they may show “inverse evolution". The flat spectrum
is the sum of many self-absorbed components (Blandford & Königl 1979).

Selecting at 5 GHz, or 6 cm radio wavelength, half of all compact radio sources point at us
(Gregorini et al. 1984).

Therefore we can expect also at least these broad classes in their corresponding radio/ FIR/
X-ray/ γ-ray/ UHECR/ gravitational wave (GW)/ neutrino emission.

To emphasize again: In all known source classes the maximum contribution is at moderate
redshift as well - but there is much we do not know. Active stars and their directly observed
activity cycles can teach us a lot.

All these ideas are testable via compact radio source counts, to the degree that the resulting
sources are indeed compact.

3. UHE CR background

The cosmic ray spectrum above TeV shows the down-turn called the knee, around 2 PeV
(protons) and the upturn called the ankle, around 3 EeV. In the Erice 2014 lecture Engel said, to
quote: " around 1018 eV 60 - 80 % of events are extragalactic protons" (see Aab et al., Auger-Coll.,
2014b). So we have the question: How many Supernovae contribute CRs near 1015 eV to 1016 eV,
and yet allow the spectrum to show such a well-defined kink?

Gaisser, Stanev & Tilav (2013) show < lnA > vs energy; when comparing TA and Auger
(Abbasi et al., Auger-Coll. and TA-Coll., 2015), consider the error bars, as within their respective
error bars they are consistent. Examples: 1) 25 % each of H, C, O, Fe give < lnA > = 2.3, and 33
% of each C, O, Fe give 3.1, while pure H gives 0, and pure Fe gives 3.9. A new light component
appears around 100 PeV, probably extragalactic.

Auger now shows the arrival directions of many events (e.g. Kotera, & Olinto 2011, Aab et
al., Auger-Coll., 2015b). In most of such graphs today the Galactic Center (GC) is at the center;
in others it is at the edge. If these events are heavy nuclei, then they come from only rather small
distances. There is a clustering around the general direction of the radio galaxy Cen A, predicted to
be a plausible source already 1963 by Ginzburg & Syrovatskij, before a single UHECR event was
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even observed (later that year Linsley 1963). Including interactions of nuclei, not many survive
from even the next powerful candidate radio galaxy, M87; in fact, there is no clustering observed
around the next two radio galaxy candidates, M87 = Vir A and For A. On the other hand, the
probably extragalactic proton component visible from about 100 PeV, may arise from all normal
radio galaxies, limited only by magnetic fields (Das et al. 2008, Ryu et al. 2008, 2010).

4. Early backgrounds?

Just after recombination and all its ripples we expect:
The first stars (earlier in ΛWDM, if DM-decay induced cooling is taken into account, see

Biermann & Kusenko 2006).
But what is DM? An illusion (e.g. Kroupa 2015), a manifestation of a different gravity (e.g.

Milgrom 2014)? A heavy particle, so the relevant model would be: ΛCDM? Or a light particle,
around keV, as suggested by dwarf spheroidal galaxies: ΛWDM? Note again, that on all scales
accessible to Planck ΛCDM and ΛWDM models are identical.

At some high redshift we have the first supernovae and first stellar black holes (BHs): first
heavy elements, heavy element mass fraction Z still very small, first Cosmic Rays (CRs).

And at some point we will obtain the first super-massive stars, their hyper-novae remnants
(HNRs), their super-massive black holes (SMBHs).

They all produce detectable backgrounds in

• Radio, far-infrared (FIR), X-rays,

• γ-rays; their best sources are the blazars, all flat-radio-spectrum sources, relativistic jets
pointed at Earth. These photons have a horizon, interestingly directly connected to the FIR-
background (Mannheim et al. 1996, Raue et al. 2009, Kneiske & Dole 2010, Abramowski
et al., H.E.S.S.-Coll., 2013); right now the FIR background based on counts just allows the
spectra of the highest redshift TeV blazars to be understood (Costamante 2013). If we were
to find any sources at even higher redshift, we could have a problem. Some (e.g. Essey
& Kusenko 2010, 2014, Essey et al. 2010, 2011a, 2011b) have argued that we have a se-
rious difficulty already, which could be solved by UHE protons (energies of only EeV are
required for this effect) going almost exactly straight; the process is secondary production of
γ-photons by interaction of these protons with the extragalactic photon field. Protons at these
energies going straight requires either very low values for the magnetic field, or an extremely
structured magnetic field. Given the integrated energy density of magnetic fields obtained
from self-consistent modeling (Ryu et al. 2008) and their match with other observations
(Kronberg et al. 2007, 2008), such extreme structuring just might barely be possible, and
could be caused by radio galaxies themselves.

• Ultra-High Energy Cosmic Rays: They certainly have a horizon, the GZK-turn-off. We
observe a turn-off, but it has not been proven, that the observed turn-off is due to losses,
or to the space limitation in the source (Gopal-Krishna et al. 2010, Biermann & de Souza
2012, Todero Peixeto et al. 2015); Auger (Aab et al., Auger-Coll., 20014a, b, 2015a, 2015b)
suggests that the chemical composition at the highest energy is nuclei heavier than Helium.
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• Neutrinos: Observing neutrinos at Earth at around PeV (Aartsen et al., IceCube-Coll., 2013,
2014, 2015) implies that at very high redshift their energies are correspondingly higher, and
so there just might be interaction. Work by T. Stanev (priv. comm.) suggests that the horizon
for PeV neutrinos is around redshift 18. So, if we observe neutrinos to clearly beyond PeV,
then the sources must be at a smaller redshift than 18; if the spectrum were to cut off near
PeV, then the sources might be at higher redshift. The current data are fully consistent with
a power-law spectrum and do not require a cutoff.

• Gravitational waves are produced whenever compact objects jerk around, so probably in the
formation of black holes, as well as in the merger of black holes. These gravitational waves
are in addition to the inflation contribution!

5. A new radio background

Three papers (Fixsen et al., Kogut et al., and Seiffert et al. 2011) all show based on observa-
tions, that an isotropic cosmic radio background exists, with a relatively flat spectrum, correspond-
ing to a particle spectrum about E−2.2 to E−2.3.

In the analysis all known foregrounds have been subtracted. The latest (Ade et al., Bicep2-
Coll., 2014; Ade et al., POLARBEAR-Coll., 2014; Ade et al., Bicep2/Keck and Planck Coll., 2015)
Planck results demonstrate that Galactic dust may very well account for all the excess polarization
detected by the BICEP2 experiment (2014). After compensating for the expected dust, everything
in the polarization data is as expected.

This background detected by Fixsen, Kogut, and Seiffert et al. (2011) can be compared with
the known compact radio source counts: no known compact radio source population could explain
it (Condon et al. 2012). This background is also so smooth, that it again defies all known com-
pact radio sources (e.g. Holder 2014). This implies that the sources are extended, and probably
overlapping.

6. Neutrino background

The high energy neutrino background has been detected (Aartsen et al., IceCube-Coll., 2013,
2014, 2015), with a spectrum of E−2.5±0.09 (1 sigma), no certain cutoff, no significant anisotropy,
and and no identified plausible sources.

The analogy with γ-ray astronomy and flat spectrum radio sources would directly suggest
(e.g., Becker & Biermann 2009) , that all these sources are blazars - relativistic jets pointed at us;
if so, then any first suggested source ought to be a compact radio source with a flat or inverted
radio spectrum (see, e.g., Krauss et al. 2014). As shown already in Gregorini et al. (1984), the
threshold of variability, compactness and relativistic motion is at about a spectrum of (in flux den-
sity Sν as a function of frequency ν) ν−0.5, while for all radio galaxies not pointed at Earth the
average spectrum corresponds to ν−0.82±0.04 in flux density for the extended emission, correspond-
ing to a particle spectrum of E−2.64±0.08. Radio spectra as flat as ν−0.5 or flatter correspond to the
superposition of variable compact components.

4



P
o
S
(
M
U
L
T
I
F
1
5
)
0
0
8

The Super-Massive Black Holes Peter L. Biermann

There are two types of events, shower like events with a pointing uncertainty of about 10
degrees (half width), and track-like events about one degree, in precision of directionality. So, the
track-like events offer a chance to identify a source.

At low flux density at 5 GHz, the known source sky density of flat spectrum radio sources (all
blazars) is high enough to place a source every degree, at some level of slightly below 100 mJy. In
other words, given any position outside the Galactic plane, and a radius of search of about a degree,
the chance is very high to actually find a candidate source identification, just by chance.

The neutrino spectrum may cut off around several PeV. But at the current stage of statistics
such a cut-off could be invisible for the spectrum observed. A single power-law model with no
cutoff is a very good fit to the data.

7. Super-Massive Black Holes (BHs)

Starting with the 2-micron survey of galaxies, using colors, Hubble-types, and other evidence
to conservatively cut down the sample, and then the Bulge-SMBH mass correlation, calibrated for
each Hubble type separately (keeping only early Hubble types) gives a sample of slightly less than
3,000 objects (Caramete & Biermann 2010), within 100 Mpc, a distance suggested by magnetic
scattering (Das et al., 2008, Ryu et al., 2008, 2010). This allows to study the sky distribution, as
well as the mass function. This shows that SMBHs may begin around 3 · 106 M�, with the lower
mass compact sources all possibly nuclear star clusters.

Such a mass can be explained in the picture of Spitzer (Spitzer 1969, Sanders 1970) of massive
stars merging by agglomeration to form a super-massive star. Super-massive stars then become
unstable due to a combination of high radiation pressure and General Relativity near a mass of
about a million Solar masses (Appenzeller & Fricke 1972a, b). However, this growth is impeded
by powerful stellar winds (Lucy & Solomon 1970, Yungelson et al. 2008) for any significant level
of heavy elements. Therefore, this growth by agglomeration is only viable in a near zero abundance
of heavy elements Z in mass fraction, so in the very early universe (Biermann et al. 2014). This
underlines the finding by Mirabel et al. (2011) that black hole formation changes at low Z.

This picture is supported by the observation, that at lower allowed masses nuclear star clusters
still prevail in the centers of galaxies. The Spitzer and Gaia satellite missions will shed further light
on this.

A viable but speculative picture is then that SMBHs formed near such a mass of about 3 ·
106 M� mass, and grew by merging in the early universe. At the redshifts accessible to observation
today, all this merging is essentially over already. The mathematical theory of merging has been
around for about 100 years now (Smochulowski 1916). Building on Smochulowski’s work the
analytic merging theory developed by Silk & Takahashi (1979) allows a full interpretation of the
SMBH mass function, using what they refer to as gravitational focussing limit. An intermediate
stage could be that we observe several super-massive black holes in a proto-cluster, as has now
been observed (Hennawi et al. 2015).

8. The first CRs: radio and neutrino background

Since in Spitzer’s approach super-massive black holes form from super-massive stars and be-
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gin at near zero heavy elements, we approximate their formation as a single epoch in the early
universe, scaled to redshift 20, writing the redshift as (1+ z) = (1+ 20)z1.3. An alternate way
to grow the first generation of super-massive black holes could be to grow them from degenerate
configurations (Munyaneza & Biermann 2005, 2006). The explosion concurrent with the SMBH
formation leads to shell formation, with some fraction of the energy going into newly induced mag-
netic fields, ηB, here scaled to 0.1, so writing 0.1ηB,−1; and another fraction of energy similarly
going into energetic electrons, 0.1ηCR,e,−1, also scaled to 0.1. The energy going into the explo-
sion is 1057 E57 ergs, scaled to a very low efficiency relative to the rest mass energy of the SMBH
formed in this model. Finally we need to scale to the original comoving density of SMBH, NBH,0,0,
here scaled to 1 Mpc−3, on the high side of what the data allow, which have relatively large error
bars, 10−1.2±0.4 Mpc−3, with most systematics suggesting a higher density. Finally we work out
the radio background at a frequency of GHz, so writing 109 ν9.0 Hz (see, e.g. Drury 1983 for a
review of acceleration of charged particles). We adopt a spectrum for the particles suggested by an
explosion into a pristine medium, devoid of prior magnetic fields (Biermann et al. 2014), of E−2.2.
Obviously a slightly steeper spectrum can also be envisaged.

With these scalings we obtain a radio background of

Frad = 10−19.8 NBH,0,0 η
0.8
B,−1 η

+1
CR,e,−1 E1.3

57 z+0.8
1.3

ν
−0.60
9.0 ergs−1Hz−1cm−2sr−1 .

This matches the data (Biermann et al. 2014). Concurrently a neutrino background is also
produced by interaction between energetic protons and the medium, using an efficiency to produce
energetic protons of 0.1, and writing 0.1ηCR,p,−1. The integrated neutrino flux is then

Fneutr = 10−7.5 NBH,0,0 E57 ηCR,p,−1 z0.8
1.3

GeVcm−2 s−1 sr−1 ,

Again this matches the data within the uncertainties (Biermann et al. 2014). The newest
data analysis of IceCube (Aartsen et al., IceCube-Coll., 2015) suggests a slightly steeper spectrum
E−2.5±0.09 (1 sigma). Obviously, a parallel γ-ray background is also produced, close to what is
observed.

9. Neutrino background: Tests and Criticism

A first question is whether the scenario outlined could help solve some other problems:
A well-known result from infrared surveys is that most big galaxies never merged; this result

had been anticipated by the large galaxy statistics of Kormendy et al. (2010, 2011a, b), and the
work by Conselice (2011, 2013).

In the model proposed here the explosion produces a corresponding massive gaseous shell of
a mass

Mshell = 1010.4 M� E3/5
57 z−3/5

1.3
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If such shells break up into a small number of objects, say three or four, then this could provide
an explanation of massive galaxies formed early. It would entail, that at lower masses a power-law
of fragments might describe the galaxy mass function, a trade-off between further break-up and
merging at very high redshift, while at higher masses a turn-over and cut-off might prevail.

Another speculative benefit is that this process yields many extra ionizing photons early (Koll-
meier et al. 2014).

One criticism of the redshift 20 used here is that the WMAP and Planck data suggest a re-
ionization redshift of about 10, and not anything close to 20. However, as pointed out by Kogut et
al. (2003), the number of this redshift depends on assuming a complete step-function in ionization,
a highly unlikely situation; assuming, instead, a two-step model for re-ionization, already puts the
higher redshift at around 20, as used here.

One criticism based on the existing simulations for the early universe is that they do not show
the SMBH formation as early as suggested here. However, none of these simulations allow for the
catastrophic cooling via induced formation of molecular Hydrogen (Biermann & Kusenko 2006).
Very few of these simulations (e.g. Paduroiu et al. 2015) allow for the small scale cutoff in the
original power spectrum of disturbances induced by a dark matter particle of keV mass as suggested
by dwarf galaxy data (e.g., Hogan & Dalcanton 2000; Gilmore et al. 2007, 2008; Koposov et al.
2008; Strigari et al. 2008; Gentile et al. 2009; Donato et al. 2009; Destri et al. 2012; Salucci
et al. 2012; de Vega et al. 2014; Yang et al. 2014; Abazajian 2014). If the recent claim of a
possible detection of an X-ray line around 3.5 keV (Bulbul et al. 2014) is confirmed, arising from
the decay of a sterile neutrino of 7 keV, then the calculations in Biermann & Kusenko (2006) show
that extreme induced cooling is possible from redshift 100 (for 4 keV sterile neutrino this redshift
would be 80).

One may ask, why such an extreme cooling is even relevant at an epoch, when no strong den-
sity fluctuations are present: Simulations show that the differential flow between baryonic matter
and dark matter is already substantially super-sonic flow right after recombination (Tseliakhovich
& Hirata 2010; O’Leary & McQuinn 2012; Visbal et al. 2012; Fialkov 2014); this then naturally
leads to shock waves, and the question, whether we might have cooling shocks, so strongly am-
plifying the underlying weak density disturbances. Combining this with Biermann & Kusenko’s
(2006) argument this would suggest that from redshift about 100 this amplifying mechanism may
be at work, allowing very large baryon density jumps in such shocks.

10. Neutrino background: Alternatives

Could starburst and normal galaxies may give the observed neutrino background? CR-inter-
actions using Galactic CRs give spectral kink down at ∼ 100 TeV, spectrum below E−2 to E−2.3:
So, normal galaxies and starburst galaxies can only explain the observed neutrino spectrum, if the
cosmic ray knee feature, the turn-down around 2 PeV (for protons) is at very much higher energy
in many galaxies.

One test could be: Compare our own Galaxy, at lower Z the small galaxy M33, and at starburst
galaxies such as M82, using stacking with data of similar galaxies to see, whether the knee could
be at higher energy.
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Seyfert galaxies and quasars interact strongly near their central SMBH; their maximum particle
energy is limited by losses, such that the resulting maximal neutrino energy is somewhat lower
than PeV (Nellen et al. 1993); all normal activity in the universe, such as starbursts and AGN,
peak around redshift 1 to 2, and so this implies that in the sources the spectrum must be reaching
ankle-like energies (for protons) with a straight spectrum. A test for such an hypothesis could be
to stack the neutrino data for all prominent Seyfert galaxies.

Radio galaxies are relativistic jets oriented elsewhere: Combined with starburst they are best
bet for UHE nuclei, but this is only a small fraction of all radio galaxies. Normal radio galaxies
probably show mostly protons, possibly identified at energies below 10 EeV, as a rising compo-
nent. The main challenge in assuming radio galaxies to be the main source is, however, to explain
that the model suggested in Becker & Biermann (2009) discussed proton-gamma interaction as the
main interaction candidate. Here, a break in the spectrum should be present; this must be outside
the detected energy range. An alternative is proton-proton interaction as discussed in Becker et al.
(2014); the details of these models are currently being investigated. If this is the correct interpre-
tation for the high energy proton component, then another test would be the spectrum. A test for
such a hypothesis could again be a stacking of all neutrino data for radio galaxies such as M87, For
A, Cen A, and the like.

The relativistic sources aimed at us could be expected to show the strongest effect, just as
they do in γ-rays: Blazars are relativistic jets pointed at us! Most correspond to low power radio
galaxies, with the maximum particle energy constrained. So low flux density flat spectrum radio
sources are the best candidates under this hypothesis. For this the best test is to look at 3C279, and
many similar sources, again using stacking of the neutrino data. If radio galaxies are indeed the
sources of the ultra high energy cosmic rays, then the neutrino spectrum ought to get close to 1019

eV, from those radio galaxies pointed at us.
The interactions in the IGM (= Intergalactic Galactic Medium) might also become important,

following Essey & Kusenko (2010, 2014) and Essey et al. (2010, 2011a, 2011b) who argue that
the intergalactic magnetic fields are so weak as to allow straight-line propagation of high energy
protons. If this is important, then the connection between sources distance and neutrinos detected
might be quite different, as in such a picture neutrinos are also produced en route. And again,
blazars might be used to test this, as then both the γ-spectrum, and the neutrino spectrum have to
match simultaneously.

Finally, how would we test the picture presented here, using the formation of the first genera-
tion of SMBHs?

The main test is the confirmation of the very high redshift, at which this might happen, and
so its connection to very low heavy element abundance. The best determination of redshift is via
absorption lines of the molecule HD in its neutral or ionized form (Galla & Palli 2013). In the
early universe lines of HD are better relative to H2 than in the normal Inter-Stellar Medium (ISM).
Since the sources overlap, we can expect along any line of sight a forest of such lines, possibly
in absorption against the light of the first super-massive stars. Typical wavelengths are around
100 nm, so in the redshift range 20 to 100 this corresponds to a wave-length of 2 to 10 µm, very
difficult.

Another viable alternative is the manifestation of the earliest stellar BHs following (Mirabel et
al. 2011); due to the constraint of extended sources, so as not to violate the compact source count
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limit (Condon et al. 2012, Holder 2014) we adopt the point of view here, that many local bursts of
star formation produce this radio emission:

The observed (Simpson et al. 2015) median star formation rate in the 23 submm-galaxies
(SMGs) sample is SFR = 1170± 160M�yr−1 (for a Salpeter IMF); the derived median star for-
mation density is 90 ± 30M� yr−1 kpc−2, and the typical size of a starburst region is a few kpc. We
note that the Eddington limit for radiation pressure regulated starbursts is ∼ 1000M� yr−1 kpc−2

(Andrews & Thompson 2011).
We use then 10−2 Mpc−3 Ngal,0,−2 for our galaxy density, scaled to today; 10Nbursts,1, for the

number of outbursts per galaxy; 100 fdens.,2 for the density enhancement in the galaxy environment
over the average cosmological density; and 1056 E56 ergs, as the energy per outburst: this is the
same energy estimated as for other extreme outflows (Su et al. 2010). We dub this the “Fermi-
bubble model" and so obtain for the integral neutrino flux

Fneutr = ∑10−7.5 Ngal,0,−2 Nbursts,1 E56 fdens.,2 z0.8
1.3 ηCR,p,−1 GeVcm−2 s−1 sr−1 ,

So again, this model easily explains the observations. However, in this approach the epoch of
activity is an entire range of redshifts, all at very low metal abundance Z. Since in this case the
environment is not pristine with respect to magnetic fields, the expected spectrum is steeper, more
like E−2.42±0.04 (Biermann & Strom 1993). However, we note again that here the observations
require the source particle energies to reach near EeV energies.

11. Odd coincidence

There is an odd coincidence in numbers, noted in discussions with B. Harms: What is the
energy maximally ejected when making a black hole? This limit is about (1/2) the rest mass energy
for spin zero BH for the merging of equal mass BHs (Hawking 1971). We adopt this number as
reference.

Then the energy budget scaled to the epoch of SMBH formation is

1
2

NBH,0 MBH c2(1+ z?)
3

For NBH,0 = 1Mpc−3, MBH = 3 · 106 M�, and z? = 50 the resulting energy density is ∼
10−8 erg/cc, which is the same as dark energy (DE; Frieman et al. 2008).

Is dark energy in this model just gravitational waves (Biermann & Harms 2014)?
We need to emphasize that the uncertainties in NBH,0, MBH , and also z? are very large: The

original SMBH density could be lower by an order of magnitude; the mass of these original SMBG
could be anywhere between 106 and 107 M�, and the redshift of formation could be anywhere
between redshift 20 and 100. All this together results in an uncertainty of about four orders of
magnitude.

But how could such an original energy density be maintained? In a five-dimensional world
model energy transfer from a strong brane to a weak brane (us) can mimic the E.O.S. P =−ρ c2!.
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Harms (priv.comm.) has solved the Einstein and conservation equations analytically that describe
such an energy transfer.

Following this speculative line of thought an obvious question is, how could we test this obser-
vationally? In the case, that gravitational waves then describe dark energy, this energy ought to be
detectable with the Gaia mission (e.g. Klioner 2014) as well as with pulsar timing, as a Planck-like
spectrum of gravitational waves corresponding to the original SMBH mass, redshifted.

This speculative prediction will be tested with Gaia within the next few years.

12. CONCLUSIONS: The early universe is visible !

• The radio, FIR, X-rays, and γ-ray backgrounds can be partially traced to the earliest mani-
festation so stellar BH and SMBH formation.

• Similarly the UHECRs, and high energy neutrinos will shed light on the activity of SMBH,
possibly on the earliest generation of these. We test the processes with UHECRs, and then
use the best model to predict the universal neutrino background.

• The gravitational wave background, whenever and at whatever level it will be detected, surely
relates to the formation and merging of black holes. This background might even be de-
tectable (Mignard & Klioner 2012, Klioner 2014, Taylor et al. 2015), if it is diluted by
cosmic expansion (i.e. by (1+ z)4 from formation to now).

• To which background do the early stellar BHs contribute the most?

• To which background do the early SMBHs contribute the most, the neutrinos, the excess
non-thermal radio emission, and gravitational waves?

• Do the massive gaseous shells around freshly formed SMBH explain the formation of mas-
sive disk galaxies?

• Can the high energy γ-emission of blazars be reconciled with the observed FIR-background
from young starburst galaxies and normal galaxies? Or do we require straight-line propaga-
tion of very high energy protons?

• What do all these backgrounds require of cosmic magnetic fields and their structure? Is the
structure extremely inhomogeneous so as to allow straight-line propagation and at the same
time obey the integral energy input constraints?

• Test I: Identify the HE neutrino sources.

• Test II: Get redshifts from HD and HD+ absorption lines against the light of the first stars,
the first super-massive stars, and the exploding stars.

• Test III: Detect the original explosion, leading to the first generation of SMBHs. This ought
to be a primary goal.

• Test IV: Detect the gravitational wave background due to the formation and initial merging
of the first generation of SMBHs.

10
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